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Abstract This study examined the current trophic
state based on integrated analysis of land use land
cover changes (LULCCs), morphometry, bathym-
etry, and water quality of a semi-urban wetland. The
analysis of satellite data indicated that the wetland
has lost an area of ~93 ha from 1980 to 2017. Dur-
ing the same period, the urban area within the wet-
land increased from 0.04 to 13.5%. The natural area
of the wetland was lost significantly because of land
conversion practices largely related to encroach-
ments, settlements, and unplanned developmental
activities. The land cover changes assessed in the
immediate vicinity of wetland indicated an increase
in the built-up (223%) and roads (95%). Morphomet-
ric analysis revealed that the maximum length of the
wetland decreased by 775 m, while width showed
an insignificant decrease. The bathymetric analysis
revealed that the depth of the wetland varied from
25 to 246 cm, with a mean depth of 101.6 cm. The
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Carlson’s trophic state index (TSI) ranged between 71
and 80.4, indicating the hyper-eutrophic nature of the
wetland. Comparison of water quality data of a wet-
land with the previous studies indicated a decrease
of 29 cm in the maximum depth from 1980 to 2018.
While NO,™-N increased from 300 ug L™" in 1980 to
367 pg L™" in 2018, total phosphorus (TP) increased
from 300 pg L™ in 1980 to 923 pg L~' in 2018,
thereby indicating continuous nutrient enrichment
of the wetland. Based on the data analysis, immedi-
ate policy interventions are required to safeguard and/
or reclaim this culturally and ecologically important
wetland in the Kashmir region.
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1 Introduction

Wetlands are areas of high biological diversity and
provide many ecosystem functions of high value
(Woodward & Wui, 2001; Krina et al., 2020). They
have significant effects on global biotic and abiotic
environmental factors and also help in the improve-
ment of water quality (Widney et al., 2018), reduction
of floods and droughts (Penatti et al., 2015); com-
bat global climate change (Junk et al., 2013; Turner
et al., 2000); protect biodiversity (MEA, 2005); and
support fisheries (Keddy, 2010), agricultural food
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products (MEA, 2005), and other ecosystem services
and functions (Penatti et al., 2015; Reiss et al., 2014,
Russi et al., 2013). Besides, the provision of research
opportunities, education and nature studies, recrea-
tional amenities, and esthetics are other services pro-
vided by the wetlands (De Groot et al., 2002). How-
ever, they are also the deeply exploited systems and
most threatened ecosystems of the world (Vorosmarty
et al.,, 2010). Despite the provision of ecological
services and functions by wetlands, they have been
degraded (Davidson, 2014), lost (Reis et al., 2017),
reclaimed (Junk et al., 2013), and strongly modified
worldwide (Junk et al., 2013; Mitsch & Gosselink,
2000; Reis et al., 2017) and are under increasing
stress due to agricultural intensification, pollution,
encroachments, urbanization, and climate change
(Torbick et al., 2006; Euliss et al., 2004; Dar et al.,
2021). The increasing demand for infrastructure
development is posing serious threats to the existence
of wetlands (Laurance et al., 2012). The dramatic
increase in the human population (Zedler & Kercher,
2005), urbanization (Bassi et al., 2014), encroach-
ments and infrastructure development (Romshoo &
Rashid, 2014), and degradation of natural landscapes
(Joshi et al., 2002) greatly stressed the health of wet-
land ecosystems (Yu et al., 2010; Zhang et al., 2011).
The quality of wetland ecosystems has been severely
affected owing to an increase in anthropogenic foot-
print (Zedler & Kercher, 2005).

Kashmir valley in the Indian Himalayan region is
known for its wetland wealth. At local levels, these
are the major sources of livelihoods, moderating
high pollution, and nutrient loads, trapping sedi-
ments, acting as flood absorption basins and buff-
ers, and reducing the impact of stormwater flooding
(Dar, Bhat, Rashid, & Dar, 2020b; Shah et al., 2020).
These wetlands have a global significance since they
support continental migratory bird diversity by pro-
viding suitable habitats for breeding and feeding dur-
ing winters (Pandit, 1991). The wetland ecosystems
of Kashmir regulate the regional hydrological cycle
and are important sinks of carbon (Kumar, 2016).
However, with the increase in the human popula-
tion (Showqi et al., 2014), deforestation of catch-
ment areas (Rashid, Bhat, & Romshoo, 2017a), and
intensification of agricultural activities (Rashid &
Romshoo, 2013), the wetlands of this region have
been progressively degrading (Rashid & Aneaus,
2019; Romshoo & Rashid, 2014). Wetlands are being
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treated as dumping grounds by both the public and
policymakers as large quantities of domestic sewage,
agricultural waste, plastics, and other municipal solid
wastes are being directly dumped in these otherwise
pristine ecosystems (Shah et al., 2015; Showqi, Lone,
Mehmood, et al., 2018a).

The lack of implementation of strict monitoring
procedures in light of the political instability prevail-
ing in the region over the last 3 decades has also lead
to the degradation of lakes and wetlands in Kashmir.
Decision-makers, planners, and wetland resource
managers, therefore, need reliable and updated
research inputs to better understand the severity of
degradation problems and devise strategies based
on scientifically reliable data for the sustenance of
these ecosystem reserves. In this context, monitor-
ing LULCCs and water quality characterization can,
therefore, provide valuable inputs about the ecologi-
cal status of these valuable reserves for long-term
sustenance. Understanding freshwater quality changes
in space and time are equally paramount for pre-
cisely delineating wetland areas facing degradation
and also for devising conservation strategies. Against
this backdrop, we assessed the impact of land system
changes on the morphometry, bathymetry, and water
quality of the Anchar wetland in Kashmir Himalaya.

2 Materials and Methods
2.1 Study Area.

Anchar is a semi-urban wetland located in the Kash-
mir valley between geographical coordinates 34°
20'-34° 36" N and 74° 82'-74° 85" E at an altitude
of 1583 m asl towards the northwest of Srinagar
city (Fig. 1). The wetland covers an area of 690 ha.
The wetland is fed by several distributaries of river
Sindh on the north-western side and Achan Nallah
on the southern side. The wetland has many outlets
that drain on its western side into the Shallabugh wet-
land (Showqi, Lone, & Naikoo, 2018b). The wetland
is important both ecologically and economically as
it is a source of vegetables, fish, fodder, and wood
resources. Food products harvested from the wetland
such as Nelumbo sp. and Trapa sp. have high socio-
economic importance. The wetland provides habitat,
breeding, and nesting grounds for a large number of
resident and migratory ducks, waterfowls, and other
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Fig. 1 Location of the
study area. Inset map:
location of Anchar wetland
with reference to mainland
India. Background image:
basemap imagery of ESRI
Arc Map 10.1 of Anchar
wetland and its vicinity

* - Sampling sites
[—1 sampling grid
IR
Q ) Buffer

Anchar Wetland

C3 Srinager City

bird species (Fazili et al., 2017; Pandit, 1991), besides
acting as a storage basin by absorbing a large volume
of floodwaters during extreme floods and stormwater
events.

The excessive silt load (16,707.1 metric tons
of total sediment/year) brought by the Sindh river
(Nisar, 2016) has not only led to the shrinkage of the
area but also reduced the depth of the wetland. These
problems further aggravate due to the colonization
of pollution-tolerant and stress-tolerant macrophytes
like Phragmites australis, Sparganium ramosum, and
Azolla sp. Marshy lands of the wetland are continu-
ously filled and used for agricultural production, con-
struction of houses, and other developmental activi-
ties. The peripheries of the wetland have been taken
over by willow (Salix sp.) plantation primarily due
to their use for basket weaving and other furniture-
related articles. The wetland receives large quantities

Brari Nambal

74°51E

of untreated sewage and raw fecal matter from the
immediate catchment on the north-eastern sides.
Besides, hazardous and radioactive waste materi-
als and toxic hospital effluents from Sher-e-Kashmir
Institute of Medical Sciences are also dumped into
the wetland (Hassan et al., 2020; Showgqi, Lone,
Mehmood, et al., 2018a).

2.2 Satellite Data Acquisition and Image Processing.

To detect LULCCs, high-resolution satellite images
were used (Table 1). The wetland boundaries were
delineated from satellite images using the on-screen
digitization method at 1:3000 scale. To quantify the
changes in the immediate catchment of Anchar wet-
land, a buffer of 1000 m was created around the wet-
land boundary in ArcMapl0.1. The land use land
cover (LULC) classes were delineated following

Table 1 Details of the

Lo Sensor Acquisition date Spatial resolution Source
datasets used in this study
CORONA 07 October 1980 Resolution: 1.87 m http://earth
explorer.
usgs.gov/
High-resolution 13 September 2017 Panchromatic: 0.46 m ESRI basemap

basemap

GPS data

October—November 2017

Multispectral: 1.65 m
Accuracy: 8.47 m

Point data Ground survey
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National Natural Resources Management System
(NNRMS) standards laid down by the Indian Space
Research Organization (ISRO) (, 2005) and local
studies (Rashid, Bhat, & Romshoo, 2017a). Refer-
ence data for validating 2017 lab-delineated land
cover data was verified on the ground at 239 loca-
tions using a stratified random sampling approach
(Rashid et al., 2013). The reference data for Anchar
was collected during October—-November, 2017 using
GARMIN-Etrex Global Positioning System (GPS)
with a positional accuracy of +5 m.

2.3 Accuracy Assessment.

Assessment of the accuracy of the LULC maps
derived from remote sensing techniques is essential
not only for checking the quality of the maps but also
for understanding the errors and their likely implica-
tions (Foody, 2002; Hu et al., 2018). In this study,
Kappa coefficient, utilizing information from the
error matrix (Rashid, Bhat, & Romshoo, 2017a), and
overall accuracy (Rashid et al., 2013) were generated
for accuracy assessment. Kappa coefficient, a discrete
multivariate technique, and a measure of accuracy
(Jensen, 1996), is computed as

N ;Xii - Zl (Xi+'X+i)
k= — — (1)

r

N - (X, X, )

i=1

here k is the kappa statistic; r is the number of rows
in the confusion matrix; X; is the number of observa-
tions in row i and column i; X;, is the total of obser-
vations in row i; X_; is the total of observations in
column #; and N is the total number of observations
included in the matrix.

Additionally, the producer’s accuracy and user’s
accuracy for each LULC class were computed. The
producer’s accuracy demonstrates the robustness
of the classification algorithm/technique and indi-
cates how well have the test set pixels of a specific
land cover type been classified. It is computed by
dividing the number of correctly classified pixels in
each land cover type (on the major diagonal) by the
number of test pixels used for that land cover type
(column total). User’s accuracy on the other hand
indicates the probability that a pixel classified into a
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given land cover type represents that land cover on
the ground. It is computed by dividing the number
of correctly classified pixels in each land cover type
by the total number of pixels that were classified in
that land cover type (row total) (Rashid et al., 2013;
Lillseand et al., 2015).

2.4 Morphometry and Bathymetric Analysis.

For the morphometric characterization of the wet-
land, the actual wetland area comprising of open
water, aquatic vegetation, and marshy lands were
taken into account. A bathymetric survey was per-
formed in spring 2018 by measuring the depth at
180 locations across the wetland. The depth was
recorded using a graduated cylindrical rod of 15 m
in length. The maximum depth and the mean depth
were obtained using the bathymetric data. Param-
eters like maximum length (L ,,), maximum width
(Whay)» area, and perimeter were obtained from
measurements performed using high-resolution sat-
ellite imageries in ArcMap 10.1 (Table 2). The sec-
ondary parameters like relative depth and volume
were calculated according to Wetzel (2001).

The bathymetric map was generated using the
inverse distance weighted (IDW) algorithm (Rather
& Dar, 2020; Setianto & Triandini, 2013) in Arc-
Map 10.1. IDW interpolation makes the supposition
that the value of points that lie closer to each other
are more similar than those points which are away
from one another. To predict the value of an unsam-
pled point, IDW presumes that every calculated
point has a neighboring influence on the unmeas-
ured points that diminish with distance from the
measured points. The IDW algorithm is expressed
as

M= | L=

z.dN
L

Zy= 2

-N
di
1

where Z; is the estimation value of variable z at point
i, z; is the sample value at point i, d; is the distance of
sample point to estimated point, N is the coefficient
that determines weight based on a distance, and » is
the total number of predictions for each validation
case.
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Table 2 Summary of the descriptive analysis of morphological parameters of Anchar wetland

S.No.  Parameter Formula Explanation of variables Ecological significance
1. Mean depth (Z) 7= 2z Where Z is the value of 'measured depths Tbe depth of a lake has diref:l effe'cls on
n across the lake and n is number of its temperature, stratification, circula-

locations where depths were measured tion, and dilution of nutrient materials.

Depth also has indirect effects on the
distribution and numbers of organisms.
Thienemann was therefore quite justi-
fied in emphasizing mean depth as a
most significant factor in determining
lake type

The general interpretation of the data
presented is that morphometric factors,
represented here by mean depth, are
predominant in determining the fish
production

Mean depth is important because early
studies of algae, aquatic invertebrates,
and fish populations have shown that
shallow lakes are generally more
productive than deep lakes

Where Z,,, is the maximum depth and ~ The main influence of the relative depth

A, is the surface area on the functioning of the aquatic envi-
ronment is related with the circulation
pattern of the waterbody. Lakes that are
large, but shallow, have no difficulty in
circulating vertically their waters. This
means that, the upper layers, which are
normally rich in dissolved oxygen, can
frequently reach the bottom of the lake,
contributing therefore to the oxygen
supply in the deep layers. The knowl-
edge of the relative depth of the system
can hence be very useful in predicting
the development of eutrophication
in polluted and unpolluted waters.
The information about morphometric
features of aquatic systems, especially
with reference to relative depth, can
effectively contribute to the important
task of predicting the onset of strati-
fication

2. Relative Depth (Z,) \r
" Z, =50XZ . X —=
VA

T

3. Average width (b,) b Ay Where A, is the surface area (mz) and L  This measurement is also used to predict
L is the maximum length (m) the amount of water mixing that can

occur in a lake during strong winds

4. Shoreline development (D) D, = L Where L is length of the shoreline in km Determining a lake’s shoreline develop-
2\/xA, and A, is surface area in km? ment is important because it helps us

assess the amount of potential wildlife
habitat available for a lake. For exam-
ple, if the lake has a greater amount of
shoreline development, there is more
of an interface between the water and
surrounding land (i.e., coves and pen-
insulas). This interface often translates
into more habitat for fish, birds and
other wildlife to raise their young

5. Volume (V) V=A.XZ Where A, =area of lake (km>2) and 7 —  Lake volume is an important consid-
0 mean (;]epth eration to lake management, as it can

influence a lake’s dilution capacity

6. Development of Volume (D) D =3Z Where Z is the mean depth and Z,, is

max the maximum depth
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2.5 Water Quality Sampling Design.

The water quality sampling sites were selected by
creating a sampling grid of 1000x 1000 m in Arc-
Map10.1 software (Fig. 1). To characterize surface
water quality status, water samples were collected
from 9 sites (Fig. 1) during four seasons—spring,
summer, autumn, and winter in 2018. On spot meas-
urements of water quality parameters including
water temperature (WT), pH, electrical conductiv-
ity (EC), total dissolved solids (TDS), and salinity
(Sal) were recorded using a portable multi-parameter
probe (PCS Testr 35). Depth (D) was measured by a
graduated rod, and Secchi Disc Transparency (SDT)
was measured using Secchi disc. Other water qual-
ity parameters were assessed based on laboratory
analysis following standard protocols of the Ameri-
can Public Health Association (APHA, 2017) (Sup-
plementary Table 1). The average water quality data
of four seasons assessed at each site was interpolated
using the IDW algorithm in ArcMap 10.1.

2.6 Trophic State Index (TSI).

TSI determines the degree of productivity and nutri-
ent enrichment of aquatic ecosystems (Xu et al.,
2001). Based on the value of TSI, different aquatic
ecosystems are classified into various trophic cat-
egories (Carlson, 1977; Saluja & Garg, 2017) as
reflected in Supplementary Table 2. Carlson TSI of
the Anchar wetland was calculated using the infor-
mation of data sets of SDT, chlorophyll-a (Chl,),
and the concentration of TP.
The TSI is calculated using the equations below:

TSI¢py = 60 — 14.41(In SDT) 3)
TSI,y = 14.42(In TP) + 4.15 @
TSI oy = 9.81(In Chla) + 30.6 5)

(TSIgpr + TSIzp + TSIy,

6
3 6)

T0T g =

where TSI, is trophic state index corresponding
to depth (m) of Secchi Disc Transparency; TSI;p is
trophic state index corresponding to concentration
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(ngL™!) of total phosphorus; TSIy, 1s trophic state
index corresponding to phytoplankton biomass
(mg m~>) assessed as chlorophyll-a; and TOT-TSI is
total trophic state index averaged for TSIgpy, TSIyp,
and TSIy,

3 Results
3.1 LULCC Within the Wetland.

Analysis of satellite data of 1980 revealed that
aquatic vegetation spread over 433.8 ha was the most
dominant land cover type covering 62.8% of the wet-
land area (Fig. 2a). This was followed by open water
(163.8 ha, 23.7%), marshy land (92.4 ha, 13.4%), and
built-up (0.3 ha). The LULC types increased from
4 in 1980 to 7 in 2017 (Fig. 2b). Although aquatic
vegetation is still a dominant land cover type cover-
ing 317.4 ha (46%), it reduced by ~27% between
1980 and 2017. The area under built-up increased
by 2433% covering an area of 7.6 ha; marshy land
increased by ~131% covering an area of ~214 ha in
2017. The area under open water spreading over
65.8 ha in 2017 decreased by ~60% during the obser-
vation period. The details of land system changes
within the wetland are provided in Table 3. This anal-
ysis indicated that the natural land cover types within
wetland have been taken over by human-induced land
use types like built-up (7.6 ha), cropland (2.6 ha),
open space (3 ha), and plantation (80 ha). Our analy-
sis revealed that the area of wetland shrunk by ~13%
from ~690 ha in 1980 to ~597 ha in 2017 since these
areas were taken over by plantation, built-up, crop-
land, etc.

3.2 LULCC in the Vicinity

Major highlights of the LULCC analysis in the vicin-
ity of the wetland from 1980 to 2017 indicate sub-
stantial shrinkage in open water (~ 59%) followed by
open space (~ 37%), aquatic vegetation (~ 31%), and
cropland (~ 23%). The highest increase was observed
in built-up which expanded by ~224%. The area
under roads increased by ~95% followed by planta-
tion (~ 40%). The LULC maps of the Anchar vicinity
for 1980 and 2017 are shown in Fig. 2¢ and d respec-
tively. The detailed statistics on land system changes
are provided in Table 4.
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The accuracy assessment of 2017 land cover
data was carried to verify the quality of information
derived from satellite data. Overall, ~ 11% of digi-
tized LULC categories were validated on the ground
(Supplementary Fig. S1). The user’s accuracies for
aquatic vegetation, cropland, green space, and open
water were 100%, followed by roads (97%), built-up
(94%), plantation (90%), and open space (73%). The
producer’s accuracies (Supplementary Table 3) were
100% for aquatic vegetation and open water followed
by roads (97%), plantation (94%), open space (90%),
built-up (89%), and lowest for marshy land (75%). For

2017 LULC, the overall accuracy was 93% and kappa
statistic 1.2. As per Lea and Curtis (2010), measure-
ment of accuracy assessment of classified images
requires the overall accuracy above 90% and kappa
statistics above 0.9 which were successfully achieved
in the present study.

3.3 Morphometry and Bathymetry
Morphometric analysis using satellite data revealed

that the wetland had an actual surface area (excluding
urban area within wetland) of 690 ha (Fig. 3a) in 1980

Fig. 2 Land use land cover
within Anchar wetland a
1980 and b 2017 and in the
immediate catchment of the
Anchar wetland a 1980 and
b 2017

(b)

(c)

—— | | @

B Aquatic vegetation

I Built-up

Cropland

I Green space Open water
B Marshy Plantation
Open space Il Road
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Table 3 Area under different land use land cover classes
within Anchar wetland from 1980 to 2017

Table 4 Area under different land use land cover classes in
immediate vicinity of Anchar from 1980 to 2017

LULC type Area (ha) Change % Change LULC type Area (ha) Change % Change
(1980-2017) (1980-2017) (1980-2017)
1980 2017 1980 2017
Aquatic vegeta- 4338 3174 -1164 -26.8 Aquatic vegetation 460.2 319.5 —140.7 -30.6
tion Built-up 69 223 154 2232
Built-up 03 76 73 24333 Cropland 390.1 3015 -88.6 -227
Cropland - 2.6 26 NA Green space 578 676 9.8 16.9
Marshy land 924 2137 1213 131.3 Marshy land 2829 3692 86.3 30.5
Open space - 3 3 NA Open space 959  60.7 —352 —36.7
Open water 1638 658 —98 —-59.8 Open water 1742 706 —103.6 -595
Plantation - 80.2  80.2 NA Plantation 2559 3584 1025 40
Total area 690.3 690.3 Road 16.3 31.8 15.5 95
Total area 1802.3 1802.3

which reduced to ~597 ha in 2017 (Fig. 3b). Details
of various morphometric features are provided in
Table 5. The maximum length of the wetland reduced
from 4701 m in 1980 (Fig. 3c) to 3926 m in 2017
(Fig. 3d). The maximum width changed from 3272 m
in 1980 (Fig. 3e) to 3261 m in 2017 (Fig. 3f) indi-
cating an insignificant decrease. The depth data col-
lected at 180 locations were interpolated using IDW
to produce a bathymetry map as shown in Fig. 4. The
bathymetric analysis revealed that the depth of the
wetland varies from 25 to 246 cm, while the mean
depth is 102 cm.

3.4 Water Quality

The water quality characteristics of the wetland
examined at 9 sites revealed significant spatio-tempo-
ral variations. The WT of the wetland followed a sea-
sonal trend being maximum in summer (25 °C) and
minimum in winter (8 °C). The water of the wetland
is neutral to slightly alkaline with a pH value ranging
from 7 to 8.8. EC ranged from 295 pS cm™! at site 6
to 634 uS cm™! in summer at site 1. TDS ranged from
210 mg L! at site 6 during summer to a maximum of
413 ppm at site 7 during winter. Salinity ranged from
138 mg L™! at site 6 during summer to 249 mg L™ at
site 8 during winter. The transparency showed a sea-
sonal pattern of being maximum in winter followed
by spring, autumn, and summer. SDT ranged from
27 cm at site 1 during spring to 127 cm at site 4 dur-
ing summer. Depth ranged from 51 cm at site 1 dur-
ing spring to a maximum of 246 cm at site 4 during
spring. DO ranged from 0.8 mg L~! at site 1 and 7 to
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a maximum of 4.8 mg L™! at site 4 during spring. The
interpolated mean values of WT, pH, EC, TDS, Sal,
SDT, D, and DO are shown in Fig. 5.

Total alkalinity (TA) ranged from 98 mg L™ at
site 6 during summer to 268 mg L' at site 1 during
autumn. Free carbon dioxide (F-CO,) concentration
recorded in the wetland ranged between 4.7 mg L™
during summer and 23 mg L7! at site 4 during
autumn. The T-hard values ranging from 140 mg L™
in summer to 240 mg L' in winter indicate that the
waters of the wetland are hard to very hard water
type. TA (HCO;~, CO;*") was highest followed by
calcium (Ca). The order of equivalency of cations and
anions is (HCO*~, CO,*")>Ca®*>Mg?*>CI". The
interpolated mean values of TA, F-CO, T hard, Ca
hard, Mg hard, Ca, Mg, and Cl are shown in Fig. 6.

Ammoniacal nitrogen (NH;-N) ranged from a min-
imum of 274 pg L™! at site 6 in winter to a maximum
of 985 pg L™! at site 1 and 3 during autumn. Nitrite
nitrogen (NO,™-N) ranged from 11 pg L™" at site 4
during summer to 68 pg L' at site 1 during winter.
Nitrate nitrogen (NO;™-N) concentration ranged from
170 pug L7! at site 4 during winter to a maximum of
735 pg L' at site 9 in winter. Total Kjeldahl nitro-
gen (TKN) ranged from 1.1 mg L™! to a maximum
of 2.8 mg L' during autumn. Total nitrogen (TN)
ranged from a minimum of 1.4 mg L~! in winter to
a maximum of 3.6 mg L™" at site 1 during autumn.
Orthophosphorus (Ortho-P) ranged from a minimum
of 145 pg L7! at site 2 during spring to a maximum
of 656 pg L™! at site 9 during winter. TP ranged from
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Fig. 3 Morphometric N
features of Anchar wetland:
a surface area (ha) 1980,

b surface area (ha) 2017, ¢
length (m) 1980, d length
(m) 2017, e width (m) 1980,
and f width (m) 2017
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ﬁ Wetland Boundary (f)

a minimum of 518 pg L™! at site 5 during spring to
a maximum of 1428 pg L™! at site 8 during winter.
Chl, ranged from a minimum of 7.4 mg m~> during
winter to a maximum of 49.5 mg m~ at site 4 dur-
ing summer. The interpolated mean values of NH;-N,
NO,™-N, NO;™-N, TKN, TN, Ortho-P, TP, and Chl,
are shown in Fig. 7.

3.5 TSI

The TSIg,; ranges from 56.5 at site 4 during summer
to 78.9 at site 1 during spring (Fig. S2a,b,c,d). The

mean TSIg,; values of the four seasons range from 60
to 71.7 (Fig. S2e) indicating the eutrophic to hyper-
eutrophic nature of the wetland. The seasonal varia-
tion in the 7SI, values is shown in Fig. S3 a, b, c,
and d. The mean values of TSI;, shown in Fig. S3e
indicate that the wetland falls in the hyper-eutrophic
category. The seasonal variation of 7S/, is shown
in Fig. S4 a, b, ¢, and d. The mean concentration
of TSI, indicates that the wetland remains in a
eutrophic state (Fig. S4e). The seasonal variation of
TOTyg,; values shown in Fig. 8a, b, c, and d indicates
that the wetland remains hyper-eutrophic during all
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Table 5 Morphometric features of Anchar wetland

S. No. Morphometric parameters 1980 2018

1. Surface area (ha) 690 597

2. Maximum length (m) 4701 3926
3. Maximum width (m) 3272 3261
4. Average width (m) 1467.8 1510.2
5. Maximum depth (cm) 300 246

6. Mean depth (cm) - 101.6
7. Relative depth (%) - 0.09

8. Volume (m. m?) - 6,065,520
9. Perimeter (km) 16.1 15.5
10. Shoreline development 0.66 0.74
11. Volume development - 1.23

four seasons of the year. Overall, the mean interpo-
lated TOT g, values ranging from 73 to 78 (Fig. 8e)
are indicative of the hyper-eutrophic nature of the
wetland.

4 Discussion

Between 1980 and 2017, a substantial area of wet-
land (93 ha, 13.5%) has been lost owing to land sys-
tem transformations both within and in the vicinity of
Anchar wetland. The decrease in the wetland extent
is mainly related to encroachments and conversion of
wetland areas into built-up, cropland, and plantations.

Similar observations have been reported by Rashid
and Aneaus (2019) and Dar et al. (2021) for other
urban and semi-urban wetlands of Kashmir. The
aquatic vegetation decreased by ~116 ha and open
water by 98 ha. The decrease in the spread of aquatic
vegetation is attributed to the ongoing nutrient
enrichment (Bakker et al., 2013; Gulati & van Donk,
2002) of the wetland. The shallow areas along the
periphery of the wetland are continuously landfilled.
These land-filled areas result in open spaces which
after some time are used for raising croplands and
finally for the construction of houses. An increase in
marshy areas and land-filled areas has been reported
for other wetlands in the Kashmir region (Bhat et al.,
2019; Dar, Bhat, Rashid, & Dar, 2020b; Pandit,
1988). The wetland is nowadays used as a wasteland
given the fact that a huge quantity of municipal solid
wastes, agricultural waste, domestic sewage, and
even hazardous hospital wastes are dumped in the
wetland from the neighboring settlement areas with-
out any prior treatment (Showqi, Lone, & Naikoo,
2018b). Similar pressures are being faced by other
urban, semi-urban, and rural wetlands across Kash-
mir Himalaya (Najar et al., 2017; Shah et al., 2015);
however, the dumping of hazardous hospital wastes
is unique to Anchar wetland (Mir et al., 2005). The
hazardous wastes and heavy metals have a high affin-
ity for bioaccumulation in edible aquatic macrophytes
of the wetland. The elevated levels of heavy metals
at different sites of the Anchar wetland reported by

Fig. 4 a Depth measure-
ments of Anchar wetland. b
Bathymetry map of Anchar
wetland
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Showqi, Lone, and Naikoo (2018b) are of utmost con-
cern because of the biomagnification process through
the food chain. Due to siltation and soil erosion from
the catchment (Alam et al., 2011; Badar et al., 2013;
Romshoo et al., 2017) and decrease in-stream flows
(Rashid et al., 2020; Romshoo & Rashid, 2014;
Showqi et al., 2014), the depth of wetland decreased.
This has altered the wetland hydrology and resulted
in the expansion of marshy areas that over time have
been transformed either into open spaces for the
construction of settlements or plantations. The enor-
mous anthropogenic pressures have translated into
wetland loss since the neighboring settlements areas
proliferated and expanded into the wetland. Although
the Government has established several conserva-
tion agencies like Department of Wildlife Protection
Jammu & Kashmir, Lakes and Waterways Develop-
ment Authority (LAWDA), various Developmental
Authorities, like Manasbal Development Authority
(MDA), Wular Development Authority, Wular Con-
servation and Management Authority (WUCMA),

etc. for management of lakes and wetlands in Kash-
mir region, these managing bodies have failed in the
ensuring protection of important wetland reserves.
The wetland is continuously overlooked in any con-
servation and management plans and has been aban-
doned by the conservation agencies.

The wetland vicinity also faced a brunt of land
transformations between 1980 and 2017. The area
under settlements, roads, and green spaces increased
by 224%, 95%, and 17% respectively. Similar find-
ings have been reported by Rather et al. (2016) for
the Kashmir region; however, the massive land sys-
tem changes associated with depleting stream flows
and urbanization have turned Anchar lake hyper-
eutrophic. The exacerbated population growth
and urbanization appear to be the prime drivers of
encroachments, environmental degradation, and wet-
land change. The area under plantation has increased
as the northern periphery of the wetland is sur-
rounded by a thick canopy of willow (Salix sp.) and
poplar (Populus sp.) trees, in which the wood is used
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for making furniture, baskets, cricket bats, and other
wicker articles (Jeelani & Kaur, 2012; Shah et al.,
2020). The area under cropland and open space
shrunk during the 37 years of the observation period.
This decrease is attributed to the rapid expansion
of settlements in the area that have taken over these
LULC types.

With the unceasing expansion of settlements,
most of the wetland area and agricultural fields have
been taken over by settlements. Additionally, the dis-
charge of untreated fecal matter, domestic sewage,
and the effluents from stables of livestock has led to
acute water pollution not only destroying the esthetic
beauty of the wetland but also its hydrobiological
setup. The encroachments and unplanned develop-
ment around the wetland have not only caused dete-
rioration of chemical quality of water but also turned
the wetlands peripheries into easily amenable solid
waste dumping sites. It is pertinent to mention that
while built-up is the predominant land use type occu-
pying ~12.4% of the immediate catchment of Anchar,

@ Springer

there is no sewage treatment plant for decontaminat-
ing the domestic sewage that pours through open
drains directly into the wetland.

Anchar is a drainage/flow-through system type of
wetland with both inlet and outlet. The water supply
is highly regulated and maintained by inflows from
river Sindh and Achan Nallah from Khushalsar wet-
land which is fed by Dal Lake. The wetland has a
small surface area which highlights the little effects
of wind on the water column and the least dilution
capacity of the wetland. During the last 4 decades,
the shoreline is highly modified by human activities
due to encroachments and landfilling. Since the ratio
of shoreline development is related to a circle, a per-
fectly round basin would have an index of 1.0. There-
fore, the value of shoreline development approaching
1 indicates that the wetland is becoming circular and
reflects the potential for the development of littoral
communities (plants) and high biological productiv-
ity. Zutshi et al. (1980) reported a maximum depth
of 275 cm in Anchar which at present study reduced
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to only 246 cm. This loss of 29 cm of the water col-
umn from 1980 to 2018 is related to the large quan-
tities of silt and sediments brought by river Sindh
on the north-western side of the wetland (Gulzar &
Abubakr, 2019). The deposition of silt and sediments
in the wetland resulted in vast alluvial plains support-
ing large marshlands. As a result, the wetland is heav-
ily impacted by dense macrophytes like Azolla sp.,
Phragmites sp., Typha sp., Menyanthese sp., Cyperus
sp., Carex sp., Ranunculus sp., Sparganium ramosum,
and Scirpus sp. (Ali & Pandit, 2009). The wetland is
shallow with a mean depth of 101.6+43.2 cm. The
volume of the wetland reflects the potential for dilu-
tion and also the storage capacity of the water during
floods and stormwater events.

The WT of the wetland is related to the temper-
ate climate/ambient air temperature of the Kashmir
valley, with higher temperatures in the summer sea-
son and lower temperatures in the winter season
(Dar, Bhat, Aneaus, & Rashid, 2020a; Shah et al.,
2017). The slightly alkaline nature of the water of

the wetland is attributed to the presence of calcium-
rich rocks in catchments of Kashmir wetlands and
lakes (Zutshi et al., 1980). Modest seasonal fluc-
tuations in pH are attributed to the buffering capac-
ity of water (Boven et al., 2008). The high values of
EC, TDS, and salinity are attributed to the addition
of ions, silt load, and sewage inflows from residential
areas and discharge of pollutants from the immediate
catchment having a high concentration of ions (Badar
et al., 2013; Parvez & Bhat, 2014). SDT was gener-
ally low over sites because of the absorption of light
by a heavy load of particulate, dissolved organic mat-
ter, and phytoplankton blooms (Harvey et al., 2019;
Khanday et al., 2018; Nissa & Bhat, 2016). The trans-
parency values were compared with the trophic clas-
sification scheme proposed by Organization for Eco-
nomic Cooperation and Development (OECD, 1982),
and it was found that the wetland falls in the hyper-
eutrophic category. Due to siltation and soil erosion
from the catchment, the maximum depth of 275 cm
during the 1980s (Zutshi et al., 1980) decreased to

@ Springer



462 Page 140f19

Water Air Soil Pollut (2021) 232: 462

- (c)

.\ »
‘ 1

|

Fig. 8 - Copy.tif
Type: TIF File

Size: 37.3 MB
Dimension: 14400 x 10800
pixels

L

> JI‘

<
»

.

Fig. 8 Spatial variations in TOTg;: a spring, b summer, ¢ autumn, d winter, and mean annual variations

246 cm at present. The low depth value across all
sites is ascribed to depleting stream flows (Romshoo
et al., 2015), the buildup of organic matter (Khanday
et al., 2018), and sediment load from the Sindh river.
The relatively lower concentration of DO despite
rich macro-vegetation can be related to the hyper-
eutrophic condition of the wetland which is the result
of high rates of decay of organic material throughout
the year (Dar et al., 2012; Siraj et al., 2010). The high
ClI content in the wetland indicates the presence of
organic matter, pollution, and flow of sewage (Bhat
& Pandit, 2014; Rather et al., 2016). Among various
nitrogen species, NH;-N was found to be the domi-
nant form in the wetland and is related to sewage
ingress from adjoining settlements (Parvez & Bhat,
2014). TN content in the wetland is related to ferti-
lizer inputs from agricultural fields, direct disposal of
domestic, and defecation wastes of both human and

@ Springer

animal origin into wetland (Showqi, Lone, & Naikoo,
2018b; Sushil et al., 2014). The TP concentration
in the wetland is related to the high effluent load of
phosphorus from surface runoff, animal wastes, and
domestic sewage to the wetland (Bhat et al., 2013),
which indicates the hyper-eutrophic nature of the
wetland (OECD, 1982). Chl, concentration in the
wetland is related to the abundance of phytoplank-
ton, high concentration of TP, and algal blooms in
the wetland (Banita et al., 2013; Filstrup & Downing,
2017; Malik et al., 2017).

The analysis of water quality data sets revealed that
there has been a progressive increase in the concen-
tration of various parameters like NO;™-N, Ortho-P,
and TP than the earlier records of Zutshi et al. (1980).
NO;™-N increased from 300 pg L~' in 1980 to
367 ug L™! in 2018, Ortho-P increased from 6 pg L™!
in 1980 to 405 pg L~! in 2018, and TP increased
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from 300 pg L™! in 1980 to 923 pg L' in 2018. This
increase in the water quality parameters is attributed
to the increase in the built-up area around the wetland
and subsequent discharge of sewage and organic pol-
lutants to the wetland (Haidary et al., 2013; Rashid,
Romshoo, et al.,, 2017b). The wetland receives a
waste load of 82.39 t/year of nitrogen and 5.73 t/year
of phosphorus (Tahseen et al., 2018). The annual
mean of the water quality parameters has increased in
the wetland. This is related to the filth resulting from
the transformation of open spaces into built-up areas,
storm-water runoff from urban areas and to direct
ingress of sewage and fecal matter, nutrient, and
sediment loadings to the wetland (Badar et al., 2013;
Rashid et al., 2013; Romshoo et al., 2011; Romshoo
& Muslim, 2011).

The eutrophic to hyper-eutrophic state based on
TSIyt values is attributed to the luxuriant growth
of macrophytes, the dominance of algal populations
besides the turbid waters brought by river Sindh (Tah-
seen et al., 2018). The hyper-eutrophic state based
on TSIyp is related to the high phosphorus inputs
from detergents animal dung wastes and the release
of phosphorus from sediments during deweeding
and Nadru rhizome harvesting. The eutrophic state
based on TSIy, is related to the abundance of phy-
toplankton populations in the wetland (Khanday &
Khanday, 2018). Based on TOT g values, the pre-
sent hyper-eutrophic state can lead to the vanishing
of the wetland given the proliferation of macrophytes,
expansion of marshlands, and ingress of solid wastes
including animal wastes into the wetland.

5 Conclusions

From the study, it is concluded that human activities,
encroachments, and settlements are the major causes
responsible for the reduction of the extent of the
Anchar wetland. The discharge of untreated domestic
sewage and raw fecal matter from the nearby habita-
tions is responsible for the cultural hyper-eutroph-
ication of the wetland. The dumping of plastics and
municipal solid wastes by locals is a major threat to
the ecology of the wetland. Lack of adequate sew-
age treatment facilities and the absence of conserva-
tion and management bodies are the major factors
responsible for the pathetic condition of the wetland.
To protect the health of the wetland from further

deterioration, it is therefore essential to put some
conservation and restoration measures for reviving
the glory and health of the wetland. Therefore, some
measures are crucial to be adopted as follows:

(1) The construction of sediment settling basins at
the northern inlet of the wetland to trap sedi-
ments brought by River Sindh. The Rakhi Kujar
wetland on the north of Anchar wetland could act
as a possible bio-filter for trapping the sediments
brought by river Sindh.

(2) Implementation of a complete blanket ban on all
construction activity up to some specified dis-
tance from the wetland along with detailed land
use planning would be beneficial to control fur-
ther deterioration of the wetland.

(3) Construction of robust sewage treatment plants
at Anchar and Buchpora locality to treat the raw
fecal matter and domestic sewage before being
discharged to the wetland.

(4) Delimitation and fencing of the natural area
of the wetland to prevent the dumping of solid
wastes and encroachments by the local inhabit-
ants.

(5) Setting up a separate authority under the charge
of a senior functionary and entrust all work relat-
ing to the development of the wetland and its

periphery to this authority.
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